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PLANT-PLANT INTERACTIONS ARE IMPORTANT FOR STRUCTURING PLANT POPULATIONS AND

1
COMMUNITIES (Bertness & Callaway 1994) and can influence ecological processes and patterns 2 up to the landscape scale (Bruno et al. 2003) . These interactions are influenced by the direct or 3 indirect ways that one plant makes the abiotic and biotic environment more favourable (i.e., 4 facilitation) or unfavourable (i.e., competition) for another (Callaway 2007 , Brooker et al. 2008 .
5
Following major disturbance the interactions between the first established plants and subsequent 6 ones are critical for understanding of succession (Connell & Slatyer 1977 , Brooker et al. 2008 but succession is a complex process also involving other factors that act across scales, such as The stress gradient hypothesis predicts that facilitation is more important when 20 environmental conditions are particularly harsh (Bertness & Callaway 1994 , Callaway 1995 Callaway & Walker 1997). Tropical dry forests are highly seasonal environments, meaning they 22 are also seasonally stressful ones. During the rainy season water is rarely limiting and instead 23 light becomes the main factor limiting regeneration. Moreover, micro-climatic conditions change 24 during early secondary succession in TDF because of the rapid increase in stem density, cover 1 and above-ground biomass (Kennard 2002 , Lebrija-Trejos et al. 2010 , Maza-Villalobos et al. 2 2011 , Becknell et al. 2012 . Shade of established trees can increase soil moisture by reducing air 3 and soil temperature and increasing relative humidity (Lebrija-Trejos et al. 2011) , which lowers 4 transpiration from tree seedlings and other sub-canopy plants. Litter from established trees also 5 reduces evaporation from the soil surface, and its decomposition enhances soil organic matter 6 that increases water retention in the soil (Sayer 2006 , Xiong et al. 2008 . However, these effects 7 are strongly counteracted by the transpiration of canopy trees, which acts as the major sink for 8 soil moisture in forests (Lebrija-Trejos et al. 2011) . In contrast, if the roots of canopy trees take 9 up water from deeper in the soil (hydraulic lift), this can increase water availability to shallower- 14 Our objective is to understand the mechanisms by which the first generation of trees 15 regenerating in successional TDF (referred to hereafter as "established trees") influences the 16 regeneration of woody plants from the local species pool, and therefore secondary succession.
17
We focus on the early and critical stages of the process of regeneration (sensu Grubb 1977)- effects of established trees on woody plant regeneration? We expect that overall the effects of 21 established trees are positive, i.e., they ameliorate the stressful environmental conditions in TDF.
22
We also expect that the effects of established trees vary across the stages of regeneration because trees influence regeneration? We expect that the primary direct mechanism by which established 1 trees influence regeneration is by providing cover that mitigates harsh micro-climatic conditions. terms "net positive effects" or "net negative effects" rather than facilitation or competition.
8
To understand which mechanisms underlie the effect of established trees on woody plant 9 regeneration we used studies testing the correlation between the outcome of the regeneration effect. In contrast, to test for net negative effects, we scored '1' for studies that show a net 4 negative effect and '0' those that report a non-significant or positive effect. We then used these 5 values to fit four models (for net positive and negative effects, and for survival and growth) 6 against the MAR using the R statistical programming language (R core team 2013). The low 7 number of studies found for the other stages of regeneration did not allow such analysis. (Table 1 ).
12
The numbers of studies for each methodological approach were quite similar (Table 1) . For the 13 studies of forests that were undergoing secondary succession, the previous land-use was generally 14 agriculture (cultivation or pasture) and the timing varied from immediately after abandonment to 15 several decades later (Table 2) . Of studies meeting our criteria, 20 were carried out in the numbers of studies on seed dispersal, seed survival and seed germination were very low (five, 22 three and four, respectively). There were 21 studies on the seedling establishment stage (Table 1) .
23
Ten studies reported the overall net outcome of established trees on seedlings (Table 3) . Eight 24 experimental studies artificially controlled light and water availability (Table 4) In contrast, we found that the input rate of seeds of anemochorous woody plant species to desiccation in open pasture than did other species.
22
The changes in seed predation and removal by animals in different successional stages are 23 more complex (Fig. 1) . Hammond (1995) 
5
The response of seed germination to established trees is likely to differ between species.
6
Of the three species that they tested, Hardwick et al. (1997) found that germination was most the effect of water availability differs amongst studies (Table 4 ). This effect may depend on the level induced a higher allocation of biomass to roots, which could enable a higher rate of water 7 uptake and thus a reduction in mortality rate during the subsequent dry season. (Table 3) . Moreover, experimental manipulation of above-ground effects by thinning 16 trees (Gerhardt 1996) showed that in deciduous forest the dominant above-ground effect is Gerhardt (1998) found that the effects on seedlings of both were positive. She attributed the 7 below-ground effect to root competition, which could decrease the nutritional value of seedling 8 leaves and therefore their palatability and susceptibility to herbivory. She attributed the above-9 ground effect to reduced light levels impeding insect activity (see also Badano et al. 2011) .
10
Nevertheless, the effects of herbivory on seedlings under canopy shade may be greater than in 11 higher light levels; the consequences of reduced photosynthetic activity from lost leaf area are 12 greater when photosynthesis is already limited at low light levels (Gerhardt 1998). appears to occur at around 1400 mm (Fig. 2 ). This MAR threshold is similar to that found by 
